Objectives Cardiovascular correlates of sleep disorders have not been well investigated in underserved populations. The aim of this door-to-door survey was to evaluate the association between sleep quality and cardiovascular health status in persons aged C40 years living in a village that is representative of rural Ecuador. Methods All stroke-free Atahualpa residents aged C40 years were screened with a validated Spanish version of the Pittsburgh Sleep Quality Index and the seven cardiovascular health (CVH) metrics proposed by the American Heart Association to assess the CVH status.
Introduction
Sleep disorders not only interfere with the quality of life, but may trigger or worsen a number of conditions that are detrimental to health. Some studies have shown an association between sleep disorders and increased prevalence of cardiovascular risk factors and higher incidence rates of vascular outcomes and deaths [1] . Most of them, however, have focused on risks associated with sleep-disordered breathing and little attention has been paid to subjective sleep symptoms, such as the quality of sleep. A poor sleep quality has been recently associated with cognitive impairment in Japanese elders [2] , and a national US survey showed no association between sleep quality and arterial hypertension [3] . Cardiovascular correlates of poor sleep quality have not been investigated in underserved populations living in the developing world. Lack of awareness on the importance of this association may be one O. H. Del Brutto and P. R. Castillo contributed uniformly to this work.
of the factors responsible for the increasing burden of vascular events in rural areas of Latin America.
The Atahualpa Project is a population-based study primarily designed to evaluate cardiovascular risk factors and their correlates in rural coastal Ecuador [4] . Basal results have shown that Atahualpa residents have a better cardiovascular health (CVH) status but similar stroke prevalence than their ethnic counterparts living in US [5] . As this paradox may be explained by the occurrence of non-traditional risk factors not well evaluated so far, we assess sleep quality and its cardiovascular correlates in this Ecuadorian Native/Mestizo population.
Methods
Methodology of this part of the Atahualpa Project (ClinicalTrials.gov identified: NCT01877616) has been detailed elsewhere [6] . The IRB of Hospital-Clínica Kennedy, Guayaquil, Ecuador (FWA 00006867), approved the protocol and the informed consent that had to be signed by all participants before entering the study. Trained field personnel performed a door-to-door survey to evaluate the quality of sleep and the CVH status of all stroke-free Atahualpa residents aged C40 years. Sleep quality was assessed by the use of a validated Spanish version of the Pittsburgh Sleep Quality Index (PSQI) [7] and for CVH status evaluation, we used the seven CVH metrics proposed by the American Heart Association [8] . To recognize and exclude persons with stroke, all these persons were screened by rural doctors with the use of a validated field questionnaire, and then, certified neurologists evaluated suspected cases, as well as a random sample of negative individuals matched by age and sex for each positive case [9] .
The PSQI discriminates between ''good'' and ''poor'' sleepers. Time-frame of such evaluation is in the month before the test. It consists of 19 items grouped into seven components, each weighted on a 0-3 scale, for a total score of 21, with a score of C6 indicating a poor sleep quality. Components include assessment of sleep duration, sleep disturbances, sleep latency, daytime dysfunction due to sleepiness, sleep efficiency, overall sleep quality, and medications needed to sleep [10] .
The seven CVH metrics used to evaluate the CVH status included smoking status, body mass index (BMI), physical activity, diet, blood pressure, fasting glucose, and total cholesterol levels [8] . Each of these metrics was categorized as ''ideal'', ''intermediate'', and ''poor'', and the CVH status of the person was classified as poor if at least one metric was in the poor range.
Statistical analyses were carried out by using STATA version 13 (College Station, TX, USA). Descriptive statistics were presented as means with standard deviations for continuous variables and as percentages for categorical variables. A p value of \0.05 was considered significant. Univariate and multivariate logistic regression analysis were used to study the relationship between PSQI positivity and CVH status as well as with each of the seven CVH metrics after adjusting for age and sex. All variables were dichotomized and the output of the model was the odds of a given relationship.
Results
The census identified a total of 688 Atahualpa residents aged C40 years. Twenty-six persons declined to participate and 27 were further excluded because of a diagnosis of stroke. Therefore, sleep quality and CVH status were evaluated in 635 persons (mean age 59 ± 13 years; 58 % women). Overall, 173 persons (27 %; 95 % CI 24-31 %) had a poor sleep quality, defined as a score C6 in the PSQI. Persons with poor sleep quality were older than those with a good sleep quality (mean ± SD age: 63 ± 14 vs. 57 ± 11 years, p \ 0.001); however, the percentage of women was the same across both groups (57 vs. 58 %). A poor CVH was noticed in 436 persons (69 %; 95 % CI 63-71 %). Persons with a poor CVH were older than those with intermediate/ideal CVH (mean ± SD age: 60.4 ± 12.7 vs. 55.9 ± 11.4 years, p \ 0.001), but there was no difference in the percentage of women across both groups (56 % vs. 61 %, p = 0.286).
In univariate logistic regression model, and after adjusting for age and sex, a poor sleep quality was not associated with a poor CVH status (OR 1.26; 95 % CI 0.86-1.86; p = 0.233). However, a poor sleep quality was significantly associated with some individual CVH metrics in the poor range, including physical activity (OR 4.35; 95 % CI 2.05-9.25; p \ 0.001) and blood glucose levels (OR 1.59; 95 % CI 1.09-2.31; p = 0.015), and with a nonsignificant trend for smoking status (OR 2.73; 95 % CI 0.87-8.58; p = 0.086) ( Table 1) . Multivariate analysis showed a significant positive correlation between poor sleep quality and poor smoking status, physical activity and blood glucose levels ( Table 2 ).
Discussion
This study shows a significant increase in the prevalence of some individual CVH metrics in the poor range-namely smoking, physical activity, and blood glucose levels-in persons with a poor sleep quality, which persisted after adjusting for age and sex. The percentage of persons with a poor CVH status across good and poor sleepers was not different, however, and this could be related to the stringent criteria used by the American Heart Association for defining a person with poor CVH (only one metric in the poor range).
A previous study demonstrated that short sleep duration was associated with a high prevalence of the metabolic syndrome [11] . However, sleep duration based on a single self-reported ''number of sleep hours'' can be subject to sleep misperception and recall bias. This is only one of the several items of the PSQI, which is a better way for assessing the actual quality of sleep.
The relationship between sleep quality and CVH is complex and probably bidirectional. Unhealthy sleep patterns may alter cortisol release and affect the sympathetic nervous system which, in turn, may lead to increased cardiovascular risk factors [12] . On the other hand, bad habits, such as smoking and poor physical activity, may interfere with the quality of sleep [13] . A poor sleep quality among minorities may contribute to health disparities and may explain the increasing incidence of cerebrovascular diseases in rural areas of Latin America.
As we assessed sleep quality and CVH status in a crosssectional survey, we cannot be sure about causality. While this could be perceived as a potential weakness of our study, the homogeneous characteristics of Atahualpa's residents regarding race/ethnicity and socio-economic status, together with the strict criteria used for evaluation of sleep quality and CVH and the model used for assessing differences in CVH across good and poor sleepers, argues for the strength of our results. Further longitudinal studies in these underserved populations are warranted to settle the cause-and-effect relationships of this association. In addition, it is difficult to determine the precise basis for the reports of poor sleep quality without physiologic analyses. Future studies should include direct measures of sleep architecture and duration that only polysomnography and actigraphy may provide [6] . 
